We describe an HPLC ion-pair procedure for rapid and specific evaluationof creatininein serum and urine. We used a 15 cm x 4.6 mm ODS column with a 50/50 (by vol) mixture of sodium decanesulfonic acid (10 mmol/L, pH 3.2) and methanoland measuredabsorbance at 236 nm. Serum (100 tL) or 30-fold-diluted urine (100 L) was added to 400 pL of acetone. After centrifugation,the supemates (300 L) were dried, reconstituted with the mobile phase, and injected into the HPLC. Assay precision was tested for concentrations of 10, 29, and 130mg/Land yielded, respectively, 3.1%, 2.1%, and 1.1% for within-dayCV and 2.8%, 2.1%, and 2.2% for totalCV. Analytical recovery was 102 (±6.7)%. Unearitywas demonstrated in the 0-200 mg/L range for serum and 0-3.5 g/L range for urine (r 0.999).
chromogens present in the system). In fact, use of kinetic methods, which result in substantially improved specificity, is widespread; however, results obtained with these methods are critically time-dependent. A series of enzymatic methods utilizing one (10) or several enzymes (11) are also available for creatinine determination, and have been successfully applied to kinetic analyzers. These methods are generally considered more specific than the preceding ones; but, again, bilirubin apparently interferes in the peroxidase-mediated reaction (12) and the antibiotic 5-fluorocytosine interferes in the popular iminohydrolasecoupled enzymatic procedure (13), the latter being used in the solid-phase chemistry of multilayer film systems.
In the last 10 years many procedures for creatinine determination have been developed based on "high-performance" liquid chromatography (HPLC). The first ones were based on ion-exchange chromatography followed by postcolumn alkaline picrate reaction (14, 15) or by direct ultraviolet detection of creatinine (16-19); normal-phase (20, 21) , paired-ion (22) , and reversed-phase Some of these methods are characterized by tedious, timeconsuming, or expensive sample pretreatments, i.e., solidphase extraction (30), ultrafiltration (26, 28) , or deproteinization with special pro-columns (29). Moreover, some of these HPLC separations need particular temperature conditions (19, 26), complex elution gradients (24), or a long column conditioning time (22) . In addition, some of the proposed HPLC methods showed poor specificity (a retention time not long enough to separate the creatinine peak from other peaks) (24, 26)'or required a chromatographic apparatus not easily reproducible in clinical laboratories ( 
14,25, 30).

Because of the various drawbacks presented
by the chromatographic methods so far proposed, we decided to develop an alternative liquid-chromatographic method for creatinine determination in biological fluids. This method should be characterized by high precision, accuracy, and specificity and, at the same time, should be simple, sufficiently rapid, and easily practicable in a clinical chemistry laboratory as a comparison method.
Materials and Methods
Reagents
We used HPLC-grade solvents and doubly distilled water throughout. Decane-, octane-, and hexanesulfonic acid (dO, C8, C6), sodium salts, were supplied by Fluka Chemie (Buchs, Switzerland). Creatinine standard was obtained from BDH (Milano, Italy). All reagents for the picrate kinetic method and for the amidohydrolase enzymatic method (test combination creatinine-PAP) were supplied by Boehringer Mannheim (Mannheim, F.R.G.). The Fuller's earth (BDH) was kindly supplied by Prof 
Results
Optimizationof ChromatographicConditions
Creatinine is a weak base (Kb = 3.57 x 10_a at 40#{176}C), very soluble in water. A selective control of its retention time on a reversed-phase column may be obtained by using an acidic buffer eluent, with a paired-ion technique; in fact, alkylsulfonates have often been used as pairing-ions to resolve cationic species (34) . We tested several variables to optimize the separation of the creatinine peak from that of other endogenous compounds. We studied the spectral behavior of creatinine in the HPLC mobile phase over the wavelength range of 180-300 rim (Figure 2 ). Although the maximum absorbance was 200 nm, we preferred to perform the analyses at 236 nm, where the baseline was more stable.
On the basis of these results we decided to adopt the chromatographic conditions reported in HPLC proposed procedure, which represent a good compromise between the need to obtain a good separation of the creatinine peak from the solvent peak or from the other interfering peaks, and to keep the total analysis time reasonably short. Precision. The within-day and the total (between-day) imprecision was assessed by analyzing, four times per day for 10 days, three sera pools with different creatinine concentrations: 10, 29, and 130 mg/L. The within-day CV ranged from 3.1% to 1.1% for the 10 and 130 mg/L pools, whereas the between-day CV was 2.8%, 2.1%, and 2.2% for the 10, 29, and 130 mg/L pools, respectively. The overall imprecision was 4.2%, 3.0%, and 2.4%, respectively.
Detection limit. At a signal-to-noise ratio of 3, the detection limit of the method for creatinine in biological fluids was 0.5 mg/L, i.e., 2.5 ng per injection.
Specificity of the method. The specificity was evaluated by analyzing solutions of various compounds that interfere with the Jaff#{233} reaction and drugs frequently administered to patients. None of the compounds listed in Table 1 showed a retention time interfering with the creatinine peak. We further confirmed the specificity of the HPLC method by using the Model 167 Beckman detector, which permits automatic recording of the spectra of peaks during the chromatographic analysis and prints simultaneously two chromatograms at different selected wavelengths. Figure 4 shows the spectra of the peak for creatinine eluted in a serum specimen (A) and for an aqueous standard (A*). The Figure 4B ) confirmed the absence in biological specimens of compounds interfering with the creatinine peak.
As a further confirmatory test, we superimposed the first ( Figure 4C ) and the second ( Figure 4D ) derivatives of the absorbance spectra obtained during analysis.
Comparison Procedures
Using the HPLC and the modified Jaff#{233} method, we compared the results obtained for 235 unselected sera from hospitalized patients (Figure 5A ). There was a good agreement between the two methods, the results being 8% less 
DIscussion
The aim of this work was to develop a specific, simple, and inexpensive HPLC method for the determination of creatinine in serum and urine, to be eventually proposed as a reference method.
The reversed-phase technique, even though it may ap- The specificity of the method has been tested on most of the substances known to give Jaffe reaction interference.
Conceivably other "weak bases," not tested here, could interfere with creatinine peak-a possibility that is, in our opinion, the most important limit of any HPLC assay. The purity of the endogenous creatinine peak, however, may be confirmed by the calculation of chromatographic signalratios at two different wavelengths, and by superimposition of recorded spectra. The final chromatographic conditions adopted (pairingion type and concentration, methanol percentage, pH, etc.) were a compromise between analysis time, peak shape and symmetry, and resolution from any other interfering substances. Analysis length could obviously have been shortened by using a higher methanol concentration, or a higher flow-rate, but these modifications gave a loss of resolution and specificity. Because chromatographic methods serve potentially as "reference methods," and are not commonly used in large routine laboratories, we preferred to adopt longer analysis time rather than losing resolution and specificity.
The choice of cimetidine as internal standard obviously means the subject must not be receiving treatment with this drug. On the basis of the RT, none of the compounds studied for creatinine interference would interfere with the internal standard peak. From our data the use of an internal standard, which means a longer analysis time (17 mm instead of 10), is not strictly necessary; in fact, the use of an automatic injector and a refrigerated sample tray results in very good precision with reasonably high throughput.
The shorter analysis time obtained by Soldin and Hill (22) , who usedan ion-paired chromatographic method with sodium lauryl sulfate, is compensated by the very long conditioning time (4 h) of the column, which is not necessary with our conditions. Other disadvantages of their method are the higher flow rate (2.3 mL/min instead of our 0.7 mL/min), greater column length (30 cm instead of 15), and analysis at 30#{176}C (we work at room temperature).
"Novel" analytical methods should be compared with a reference method; unfortunately, we could verify our HPLC procedure only with a limited number of samples previously assessed with IDMS, obtaining an acceptable concordance, the r-value being apparently higher than with the other techniques. Analysis of a larger number of samples with the picrate alkaline method usually used in our laboratory yielded, in agreement with the literature (18,  22, 27, 28 For analysis of urine, we compared results only with the Jaffe kinetic method because of the lower concentration of "pseudocreatinine" interferences.
In our experience, when an HPLCtechnique is used as a reference method, good performance of the whole chromatographic apparatus is essential. This means always using an appropriate pre-column and replacing it whenever the peaks start to deteriorate. Moreover, overnight washing with water keeps the column from being clogged with salts and thereby increasing the backpressure. Finally, because our method requires little sample handling for extract preparation and the chromatographic procedure, it can be also performed by not particularly well-trained personnel.
Cost per assay, currently about US $1.50 in our country (including labor but not the instrument amortization), even if obviously higher than for a routine technology, is quite reasonable.
We consider this method suitable for proposal as a possible reference method.
